A new coring device is presented which allows the recovery of loose watery surface sediments and the water/sediment interface by in situ freezing, resulting in well preserved samples. The instrument consists of a tripod with adjustable legs, a hydraulic system, an insulated thermos (with two electrical pumps), and a wedge-shaped freeze box. Alcohol chilled with dry ice is the freezing agent. The corer can be deployed from a boat or a raft and permits recovery of undisturbed surface sediment sections up to 100 cm long in deep waters. The corer is particularly useful for sampling varved sediments.
Introduction
Studies of recent environmental pollution and climatic change, from lacustrine or marine deposits, require high-resolution sampling of the sediment record. Investigations of annually laminated sediments allow a high temporal resolution of single seasons or single years. Furthermore, the absolute chronology gained from these varved sediments is independent of physical dating methods such as 137 Cs, 210 Pb, or 14 C. Sampling of the topmost, unconsolidated sediment of soft bottoms is commonly carried out by means of short gravity corers (e.g. Blomqvist and Abrahamsson, 1985; Wright, 1990; Glew, 1991; Renberg, 1991) . However, the reliability of this sampling method has been questioned due to incomplete recovery resulting from a potential hydraulic shock wave or deficient entry of the sediment into the coring tube because of internal friction (see e.g. Hongve and Erlandsen, 1979; Anderson et al., 1987; Parker and Sills, 1990; Blomqvist, 1991; Crusius and Anderson, 1991; Cornett and Chant, 1993) . Smearing of sediment against the inside of the coring tube may render direct visual inspection impossible (Blomqvist, 1991; Chant and Cornett, 1991) . Moreover, cutting the core tube longitudinally can result in either loss or homogenisation of the topmost watery sediment. Freezing of sections of gravity cores has been applied successfully in some lakes with highly minerogenic sediments (Pollingher et al., 1992) . In highly organic sediments methane ebullition often occurs when the core is ascended to the water surface. Such gas ebullition may destroy or homogenize the laminations.
Freezing of surface sediments in situ is a successful method for high-resolution studies of recent lake sediments, particularly for the analysis of varved lake sediments. Different types of freeze corers have been described: tube-shaped (Shapiro, 1958; Wright, 1980; Miskimmin et al., 1996) , letter-box shaped (Huttunen and Meriläinen, 1978) , and wedge-shaped (Renberg, 1981) containers. The thin, wedgeshaped type produces the least disturbance during sediment penetration. All these devices are fairly simple to use and easy to handle in the field. From a technical point of view this method is actually not a coring, but rather an in situ freezing of sediment to the surface of a container filled with a freezing agent. Commonly, a mixture of dry ice (solid CO 2 ) and a liquid with a low freezing point such as alcohol is used as a cooling agent. Liquid nitrogen with a much lower temperature than dry ice (-195°C vs. -78°C at atmospheric pressure) is occasionally used (Pachur et al., 1984; Klee and Schmidt, 1987) , although its handling is more dangerous.
Freeze-coring is traditionally carried out from ice-covered, shallow (<30 m) lakes. In many temperate regions such as lowland Central Europe, lakes rarely freeze and it is therefore necessary to deploy the corers from a boat or raft. One difficulty with freeze coring is, that it is difficult to control the depth of penetration into the sediment, which is a function of the weight of the corer and the consistency of the sediment. It may occasionally occur that the corer tilts or penetrates too deeply into the sediment, thereby not sampling the water-sediment interface.
Other problems arise with these conventional freeze corers when used in deep lakes (>30 -40 m). Lake water will inevitably freeze to the surface of the container and form a crust upon descending the water column. This makes the corer thicker, thus enhancing sediment disturbance at penetration, and, more importantly, a substantial amount of dry ice is consumed while the device is lowered to the lake bottom. Renberg and Hansson (1993) presented an improved freeze corer, which separated the dry-ice/alcohol container from the freezing wedge. Once the corer has penetrated the sediment, an electrical pump circulates chilled alcohol through the wedge. Compared to conventional freeze coring devices, this construction overcomes the ice crust formation problem, and allows the construction of a very thin freeze wedge.
New device
Following the ideas of Renberg and Hansson (1993) we have further developed the pump freeze corer in order to make this coring system usable in areas without a seasonal ice-cover. The new device can be used in lakes and shallow seas to provide frozen cores of recent sediments up to 100 cm long. The main modifications include a tripod to stabilize the device at the sediment surface, and a hydraulic system for controlled lowering of the corer into the sediment (see Fig. 1 ). All components can be disassembled and transported in a minibus. The total weight of the new device is ca. 115 kg. Detailed technical drawings of this new device may be obtained from the first author.
Once the tripod has reached the sediment surface, the hydraulic system is triggered by an electrical valve, allowing a maximum lowering of the wedge by 120 cm (see Figs. 1 and 3 B) . This allows the freeze wedge to penetrate the sediment in a steady and slow motion. A gyro-joint (see Fig. 2A ) ensures that the corer is always in a vertical position. The tripod legs are made of aluminium, each weighing 6 kg. At their lower ends aluminium plates (40 ¥ 40 cm) help to stabilize the device at the sediment surface and prevent its sinking into the sediment. The leg length can be adjusted telescopically between 245 and 345 cm, resulting in a range of 220 to 280 cm between the gyro-joint and the sediment surface. The cylindrical stainless steel thermos (32 cm diameter, 58 cm height, 52 kg weight, see Fig. 1 and 3A) is double-walled, and insulated between the walls with polyurethane foam. It has a volume of 40 litres and contains two automobile fuel pumps that transport the freezing agent from the thermos to the wedge. Two valves mounted on the lid of the thermos (see Fig. 2 A) allow the release of CO 2 gas at excess pressure. To enhance penetration of the freeze wedge into consolidated or minerogenic sediments, additional weights can be attached to the thermos. The thermos is attached to the rod of the lowering hydraulic system (300 cm long, 33 kg weight) by a coupling commonly used for large hoses (see Fig. 2 A) . The same type of joint is used to attach the freeze wedge to the thermos (see Fig. 2 B) . The freeze wedge (8 kg weight when empty) has a length of 110 cm and an area of 20 ¥ 4.5 cm at the upper end and 18 ¥ 1 cm at the lower end. The 24 Volt power supply is provided by two 12 V automobile batteries located on the boat, and the electrical power is transmitted to the hydraulic valve and to the pumps by a cable.
Use of the freeze corer
It has been found appropriate to stabilize the boat with three anchors, before the different parts of the corer are assembled and the device is attached to a 5 -7 mm nylon rope. Then 25 -30 litres of alcohol (ethanol or methanol, see Renberg and Hansson, 1993) and 10 -15 kg of dry ice are added to the thermos. The pumps are turned on for a minute in order to test them and to fill the wedge with alcohol. Then the corer is lifted into the water and lowered to ca. 2 m above the sediment surface, 298 Lotter et al. where it is left until spinning or sideway movements ceased. It is then lowered to the sediment surface. The whole operation is monitored by echo-sounding. The electric supply cable is attached to the supporting rope by specially designed clamps at intervals of 15 -20 m. Once the corer has reached the sediment surface a buoy (ca. 10 kg buoyancy) is attached to the rope and cable at the water surface to prevent them from tilting the corer. Then the electrical valve of the hydraulic lowering cylinder is opened, and the thermos and wedge sink by their own weight (see Figs. 1 and 3) . The freeze wedge penetrates the sediment in a slow and constant vertical movement. The descent of the hydraulic system can be observed by echo-sounding as well as by the descending surface buoy. Once the hydraulic system has come to a stop, the valve is closed again, and the pumps are switched on to circulate the chilled alcohol. After 20 -30 minutes of freezing the corer is hauled up to the surface (Fig. 4) . Before the power is turned off and the freeze wedge detached from the thermos, the unfrozen sediment is scraped off the frozen sediment crust with a knife or spatula. This facilitates later cleaning of the frozen sediment crust. The alcohol is poured out of the freeze wedge. After the wedge has warmed to ambient
Remote controlled freeze corer 299 Figure 3 . Schematic sketch of the operation of the freeze corer from a boat. A. Lowering to the sediment surface. 1 Surface buoy; 2 Tripod with hydraulic system; 3 Thermos; 4 Freeze wedge. B. Triggering of the hydraulic system and subsequent lowering of the freeze wedge into the surficial sediment. Maximum travel of the hydraulic system is 120 cm temperature, it is filled with warm water and the frozen sediment crust is detached. The sediment crust is filled with dry ice, wrapped in plastic foil, and transported in a cold box to a laboratory for storage in a cold room at temperatures of -10°C to -20°C. Airtight wrapping is essential when storing, as the frozen sediment freezedries quickly in the cold room. For use in deep waters some further adaption had to be made, as the temperature in the freeze wedge increases with increasing pressure. For these conditions we have exchanged one of the gas valves on the thermos with a hose attached to the rope and electric cable, which reaches water depths < 40 m. This results in a lower pressure inside the thermos. However, in order to operate under pressure differences of 2 -4 bar the freezing wedge has to be manufactured of rigid stainless steel. 300 Lotter et al. 
Sediment preparation
The field procedure results in two large slabs of frozen sediment (20 cm width, up to 100 cm length, up to 5 cm thickness). Their thickness is the same at the sediment/water interface as at the bottom. The sediment is sampled in a cold room at temperatures of -8°C to -10°C. First, the frozen sediment crust is sawed longitudinally into two parts (see Renberg, 1981) . This can be done with a wood saw manually or with an electrical saw. Care must be taken, however, not to break the frozen sediment. To remove contamination, both front and back surfaces are cleaned with a wood plane or a metal scraper. Sediment for a variety of analyses from the same core is now available.
The new freeze corer has been used for analyses of varved sediments in deep Swiss lakes by the following procedure (see also Lotter et al., 1997; Lotter, in press) . After the core is photographed, a 5 cm wide slab is sawed vertically from the core, freeze-dried, and then impregnated with an epoxy resin (e.g. Lamoureux, 1994) . Petrographic thin sections 25 -30 µm thick prepared from these impregnated sediments are essential for microstratigraphical identification of varves, for distinguishing allochthonous deposits such as turbidites, and for building up a varve chronology (Merkt, 1971) . The position, boundaries, and age of each single varve is then marked on a 1 : 1 core photograph. In the cold room these photographs are indispensable for the exact sampling of annual or even seasonal layers. Depending on the amount of sample material needed, a block 10 -15 cm wide is sawed out of the core. From this block each annual or seasonal layer is scraped off with a papercutter blade (Fig. 5) . The scraped sediment is collected on plastic foil underlaying the sediment block (see Fig. 5 ), transferred to a pre-weighed sample box, weighed, and eventually freeze-dried for further analyses. Water content of the sediment is then calculated, and the dry accumulation per year or season can be estimated by dividing the dry weight by the known surface area of the sampled sediment (see also Segerström and Renberg, 1986) . The freeze-dried samples can be used for geochemical, isotopic, and biostratigraphical analyses (see Schaller et al., 1997; Lotter, in press ).
